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ABSTRACT The molecular weight of three preparations
of human papilloma virus DNA derived from different plan-
tar warts was determined by agarose gel electrophoresis or
electron microscopic contour length measurement. It was
found to amount to approximately 4.9 X 106. Analysis of this
DNA after sequential digestion by four different restriction
endonucleases (EcoRI, Bam, Hind II, and Hind III) permit-
ted physical mapping of the cleavage sites. Two of the three
DNA preparations revealed an identical cleavage pattern,
whereas the third one contained two additional cleavage
sites.

The inoculation of cell-free extracts from common warts
(verrucae vulgares), genital warts (condylomata acuminata),
and laryngeal papillomas into the skin of human volunteers
resulted in the induction of common warts several months
after injection (1-3). This led to the assumption that the dif-
ferent clinical pictures were induced by the same agent (4).
Some recent observations suggest, however, the existence of
strain and type differences among human papilloma viruses:
(i) the age distribution of patients with verrucae vulgares,
genital warts, or laryngeal papillomas differs strikingly (5);
(ii) immune electron microscopy suggested one-way cross-
reactivity between common wart and condyloma viruses (6);
(iii) complementary RNA prepared with papilloma viral
DNA derived from a plantar wart did not hybridize with
DNA from condylomata acuminata and laryngeal papillo-
mas (7).

This paper analyzes the restriction endonuclease cleavage
pattern of three papilloma viruses isolated from plantar
warts. The data indicate genetic heterogeneity even within
papilloma viruses purified from histologically similar epithe-
lial proliferations.

MATERIALS AND METHODS

Virus Purification. Plantar warts, stored at -20°, were
minced, ground with sterile sea sand in a mortar, and then
suspended in 5-10 ml of 1 M sodium phosphate buffer (pH
8.0). The homogenate was treated with trypsin (Difco) at a
final concentration of 0.01% for 1 hr at 370. After centrifu-
gation at 2000 X g for 15 min at 40, the supernatant was ex-
amined by electron microscopy for the presence of papillo-
ma particles. Particle-containing suspensions were pelleted
in the Spinco SW 27 rotor (80,000 X g, 75 min, 40). Thereaf-
ter, the pellet was resuspended in 3 ml of phosphate buffer
containing 0.05 M NaCl, 0.01 M EDTA, and 0.05 M sodium
phosphate (pH 7.4). Solid cesium chloride was added to
yield a final density of 1.34 g/ml. After equilibrium centrif-
ugation in the Spinco SW 56 rotor (110,000 X g for 40 hr at
200), two clearly visible bands (containing full and empty
particles, respectively) were collected separately after pierc-
ing the bottom of the tube. The particle-containing fractions

were dialyzed against 0.01 M Tris - HO1 (pH 8.1) containing
0.001 M EDTA.

Purification of Viral DNA. Papilloma viral DNA was ex-
tracted according to Tai et al. (8). Sodium dodecyl sulfate
(25%) was added to the virus suspension to a final concentra-
tion of 1%. The solution was incubated at 370 for 10 min.
Thereafter, solid CsCl was added to yield a concentration of
1 M. The solution was then kept for at least 15 min at 00.
The precipitating sodium dodecyl sulfate was removed by
low-speed centrifugation at 0°. Ethidium bromide (200
jig/mI) was added and the density was adjusted to 1.56
g/ml. After equilibrium centrifugation in the SW 56 rotor at
110,000 X g for 40 hr at 200, two distinct bands were visual-
ized by UV light at densities of 1.60 and 1.56 g/ml. They
were collected separately. Ethidium bromide was removed
by three extractions with water-saturated n-butanol and two
subsequent extractions with ether. The DNA was then di-
alyzed against 0.01 M Tris - HC1 (pH 8.1) containing 0.001
M EDTA.

Viral DNA studied in these experiments originated from
three different plantar warts with the laboratory codes
WV-432, WV-474, and WV-494.

Restriction Endonuclease Cleavage of Wart Viral DNA.
EcoRI, Hind II, and Hind III were kindly provided by P.
Philippsen, the Bam H1 and Sal enzymes were a generous
gift of C. Mulder.

(i) EcoRI. Reaction mixtures (0.5 ml) containing 0.1 M
Tris - HO1 (pH 7.5), 0.01 M Mg9l2, 300 ng of viral DNA (Co
II), and 0.3 ,l of EcoRI were incubated for 3 hr at 370.

(ii) Hind II and Hind III. Mixtures (0.5 ml) containing
0.01 M Tris - HC1 (pH 7.5), 0.006 M MgCl2, 0.006 M mer-
captoethanol, 0.015 M KC1, 300 ng of DNA, and 25 ,ul of
Hind II or 3 ,ul of Hind III were incubated at 30° overnight.

(iii) Bam and Sal. Samples with 300 ng of DNA and 2 ,l
of Bam or Sal were incubated at 370 for 3 hr in the same
buffer as described for Hind II and Hind III.

After digestion, the reaction was stopped by adding
EDTA to a final concentration of 0.02 M. The DNA was
precipitated in a 2.5-fold volume of ethanol and 0.21 M so-
dium acetate at 00. The precipitate was collected by centrif-
ugatlon in the Spinco SW 56 rotor for 30 min at 110,000 X g
and then suspended in 10-20 Ml of 0.1 times the concentra-
tion of electrophoresis buffer. This solution was mixed with
10 Mul of 40% sucrose, 0.125% bromphenol blue and then ap-
plied to the gel.

Gel Electrophoresis. Gel electrophoresis was carried out
through 0.7% or 1.0% agarose (Seakem) slab gels in a Hoefer
electrophoresis chamber (18 X 14 X 0.3 cm) at 18 V for 18
hr at 40. Polyacrylamide gel electrophoresis through 3.8%
acrylamide, 0.2% NN'-methylenebisacrylamide slab gels
(18 X 14 X 0.1 cm) was performed at 100 V for 5 hr at 4°.
The electrophoresis buffer contained 0.04 M Tris - HC1 (pH
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Table 1. Number of fragments after digestion of wart viral
DNA with restriction enzymes EcoRI, Bam, Sal, Hind II,

and Hind III

Papilloma DNA isolate

Enzyme WV-432 WV-474 WV-494

EcoRI 2 2 2
Bam 1 2 1
Sal
Hind II 3 3 3
Hind III 3 4 3

7.8), 0.005 M sodium acetate, and 0.001 M EDTA. The DNA
bands were visualized after staining for 60 min with ethi-
dium bromide (2 jig/ml) under UV light. The photographs
were taken with a Polaroid Land camera.

Calculation of Molecular Weight by Gel Electrophore-
sis. The molecular weights of fragments obtained after re-
striction endonuclease cleavage were calculated by using
PM2 DNA cleaved by Hind III (kindly provided by R. E.
Streeck) as a length marker. The molecular weights of these
fragments are 3.5 X 106, 1.3 X 106, 0.6 X 106, 0.29 X 106,
0.28 X 106, 0.17 X 106, and 0.065 X 106 (Streeck, personal
communication).

Preparation of Wart Viral DNA for Electron Microsco-
py. To measure the contour length of wart viral DNA, the

Hind III
Eco RI

Hind 11
Hind III

Hind 11
Eco RI

Table 2. Molecular weights of fragments after cleavage
with restriction endonucleases

Molecular weight of
DNA fragments

(X 10-6)

DNA fragment WV-432/494 WV-474

RIA 4.10 4.10
RI B 0.63 0.63
Sum 4.73 4.73

Barn A 4.8 4.4
Bam B 0.45
Sum 4.8 4.85

Hind II A 2.25 2.25
Hind IIB 1.80 1.80
Hind II C 0.78 0.78
Sum 4.83 4.83

Hind III A 3.75 3.75
Hind IIIB 0.90 0.85
Hind III C 0.23 0.23
Hind III D 0.07
Sum 4.88 4.90

microdiffusion technique of Lang and Mitani (9) was used
in a modification omitting formaldehyde (Bornkamm et al.,
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FIG. 1. Gel electrophoresis after restriction enzyme cleavage of DNA derived from WV-432 (right column) and WV-474 (left column).

Arrows mark the position of additional cleavage sites obtained after combined treatment. (a) EcoRI + Hind III: fragment Hind III A is cut
twice by EcoRI, resulting in three new fragments. One of them represents the complete EcoRI B fragment. Note that Hind III B of DNA 474
appears to be slightly shorter as compared to the same fragment in DNA 432, indicating that there exists a fourth Hind III cleavage site in
the 474 genome. For the additional fragment, see Fig. 2. (b) Hind II + Hind III: this pattern shows that the Hind II cleavage sites are located
within the Hind III A or Hind III C fragments. (c) Hind II + EcoRI: EcoRI cleaves the DNA within the Hind II A and Hind II C fragment.
No difference between DNAs 432 and 474 can be seen. (d) Hind II + Bam: Bam cuts the Hind II B fragment of DNA 474 into two frag-
ments. (e) Hind III + Bam: fragment Hind III A of DNA 474 is cut by Bam. The additional short fragment has almost the same molecular
weight as Hind III C (see also Fig. 2). The results obtained with DNA 494 do not differ from those of DNA 432.
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FIG. 2. Gel electrophoresis (4% polyacrylamide) after endonu-
clease cleavage of DNA derived from WV-432 and WV-474 with
Hind III and Hind III + Bam. Arrows mark the position of addi-
tional cleavage sites obtained after combined treatment. (a) DNA
432 cleaved by Hind III. (b) DNA 432 cleaved by Hind III + Bam.
The Hind III C fragment appears to be slightly shorter after addi-
tional cleavage with Bam, indicating that the first Bam cleavage
site (the only one in WV-432 and WV-494) is located within Hind
III C. (c) PM2 DNA cleaved by Hind III. (d) DNA 474 cleaved by
Hind III. (e) DNA 474 cleaved by Hind III + Bam. After com-
bined treatment with Hind III + Bam, the Hind III A fragment of
DNA 474 is cut (see also Fig. le) and an additional fragment ap-
pears of almost the same molecular weight as Hind III C. Note the
very short Hind III D fragment.

submitted for publication). Droplets of 50 jul containing 50
ng/ml of wart viral DNA, 50 ng/ml of lambda DNA (gener-
ously provided by W. Sugden) as an internal standard, 0.2 M
ammonium acetate (pH 7.0), 1 mM EDTA, and 2.7 gg/ml
of cytochrome c (Serva) were placed on hydrophobic plastic
petri dishes. After 50 min at room temperature the DNA-
cytochrome c film was picked up from the surface by parlo-
dion coated copper grids. The grids were stained with ura-
nyl acetate (10), rotary shadowed with Pt/P, and examined
electron microscopically. Length measurements were per-
formed with an automatic length measurement device.
The average contour length of lambda DNA was set at

100% (standard deviation 1.9%), corresponding to the mo-
lecular weight of 30.8 X 106 (11).

RESULTS
Cleavage of human papilloma virus DNA by five different
restriction endonucleases resulted in the following pattern
(Table 1):

(i) EcoRI cleaved at two sites in all three DNA prepara-
tions; (ii) Hind II treatment resulted in three fragments; (iii)
Sal endonuclease appeared to have no cleavage site in all pa-
pilloma DNA preparations tested; (iv) Hind III treatment
yielded three fragments in the DNA of WV-432 and WV-

FIG. 3. Physical map of wart viral DNA obtained after cleav-
age with EcoRI, Hind II, Hind III, and Bam restriction endonuc-
leases. The only Bam cleavage site in the 432 and 494 genome is
used as reference site (arrow). The two additional cleavage sites
obtained in WV-494 after Hind III and Bam treatment, respec-
tively, are shown in the inner part of the circle.

494, and an additional one in WV-474; and (v) Bam endo-
nuclease cleaved WV-432 and WV-494 only once, whereas
an additional fragment was obtained with WV:474 DNA.

Tables 1 and 2 show the number and molecular weights of
fragments obtained after digestion with the different restric-
tion enzymes. The calculation of the molecular weights was
performed as described in Materials and Methods.

Cleavage by two different enzymes within the same ex-
periment permitted the arrangement of single fragments
within the genome. Figs. 1 and 2 show cleavage patterns of
wart viral DNAs after treatment with some combinations of
restriction endonucleases. The data are summarized in Fig.
3, revealing the physical map of the cleavage sites observed
within the three differing papilloma virus DNA prepara-
tions. It shows the two additional sites within the DNA of
WV-474.
The molecular weight of noncleaved viral DNA was de-

termined by electron microscopy. Compared to bacterio-
phage lambda DNA (30.8 X 106), wart viral DNA was found
to have a molecular weight of 4.86 X 106 4 3.03% (Fig. 4).
This value is in good agreement with the sum of the cleav-
age fragments listed in Table 2.

DISCUSSION

With two different techniques (electron microscopic contour
length measurement and agarose gel electrophoresis) the
molecular weight of human papilloma virus DNA was cal-
culated to amount to about 4.9 X 106. This value is some-
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FIG. 4. Length distribution of wart viral DNA. Contour length
is plotted as percentage of lambda DNA.

what lower than the one reported by Crawford (12), who de-
termined a molecular weight of 5.3 X 106 by velocity sedi-
mentation of papilloma DNA.

Analysis of papilloma virus DNA preparation after diges-
tion with four different restriction endonucleases resulted in

the physical map of the cleavage sites. One of the isolates
tested contained one additional cleavage site after Hind III
or Bam cleavage. This demonstrates that even isolates from,
the same kind of lesion (plantar wart) may reveal genetic
heterogeneity. This heterogeneity is underlined by further
data obtained with a fourth isolate (unpublished data).
Based on agarose gel electrophoresis, the molecular weight
of this DNA was calculated to amount to 4.6 X 106 only.
Unfortunately, we did not obtain sufficient quantities of
DNA to analyze its cleavage pattern.

These results thus provide evidence for genetic differ-
ences among human papilloma viruses. Additional differ-
ences in the epidemiological pattern of specific warts (5) and
nucleic acid hybridization data (7) further support the exis-
tence of various types within a human papilloma virns
group. Physical mapping of the DNA of specific isolates
combined with serological methods should permit a type-
specific characterization.
Note Added in Proof. After submission of this manuscript, physical
mapping of human papilloma virus DNA was reported by Favre et
al. (1975) Proc. Nat. Acad. Sci. USA 72, 48104814. The data es-
sentially conform with those reported here for WV-432 and WV-
494.
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